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0.21  A 

15 

335.0 

1.050 
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OBJECT 


To  develop  an  instrument  to  determine  the  ignition  temper- 
ature and  time  to  ignition  of  one  milligram  or  lass  of  primary 
explosive. 


ABSTRACT 


This  is  the  second  progress  report  on  the  "JJavalopaent  of 
Optimal  Explosive  Trains"  and  is  conoemed  with  the  development 
and  utilisation  of  an  electronic  device  to  determine  explosion 
temperatures  and  ignition  times  of  one  milligram  samples  of 
primary  explosives.  With  this  instrument  the  time  to  ignition 
can  be  determined  to'  + .001  seconds  and  the  explosion  tempera- 
ture to  ^ 2°F.  The  activation  energies  calculated  from  data 
obtained  with  this  instrument  in  the  »5  to  10  second  interval 
are  shown  below; 


Compound 


Activation  Energy,  E. 
K cal /mole 


Mercury  Fulminate 
Lead  Aside 

Basic  Lead  Styfhnate 
TONBF 

Fexammine  Chromic;  Fer chlorate 


29.  #1 

- 13.85 

23.74 

- 8.43 

75.39 

- 28.20 

32.58 

- 34.12 

29.82 

- 9.88 
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INTRODUCTION: 

la  Tho  work  on  Project  TA3~510I  entitled  "Development  of  Optimum 
Explosive  Trains"  has  been  oonoerned  with  the  synthesis  of  new  primary- 
explosives  (Ref  B).  These  compounds  previously  have  been  assessed  for 
their  explosive  properties  by  tests  standard  at  the  Arsenal  (Ref  C)» 
One  of  these,  the  explosion  temperature  test  (p©f  c)  is  the  subject 
of  this  report  and  oonsists  of  varying  the  temperature  of  a molten 
metal  bath  between  determinations  in  .uch  a way  as  to  have  ten  flashes 
or  explosions  over  an  induction  time  interval  of  2 to  10  seconds.  A 
time  vs  temperature  curve  is  plotted  and  the  five-seoond  explosion 
temperature  is  interpolated  from  the  graph.  The  data  is  obtained  by 
immersing  a No.  6 blasting  cap  containing  0.01  of  p imery  explosive  or 
0,02  gm  high  explosive  into  a adhe®.  metal  bath  of  known  temperature*) 
The  time  to  ignition  is  determined  with  a stop  watch.  A total  of  from 
0*5  g»  to  5«0  g»s  of  sample  is  necessary  to  complete  one  explosion 
temperature  test.  Since  the  aoouraoy  of  the  stop  watch  method  can 
vary  from  .,2  to  0*1+  seconds  it  was  believed  advisable  to  adopt  a more 
precise  timing  method.  It  al3C  seemed  advisable  to  replace  the  molten 
metal  bath  by  an  eleotrioal  heating  unit  which  would  bring  the  explo- 
sive to  the  desired  temperature  in  a shorter  time.  In  addition,  it 
seemed  advantageous  to  oonstruot  an  instrument  that  would  determine  a 
complete  explosion  temperature  curve  and  would  require  cnly  0,1  gm 
sample  of  explosive.. 

2*  Studies  have  shown  (Refs  B„  E,  and  G)  that  the  activation 
energies  of  explosive  oompour.de  may  be  calculated  from  the  above 
mentioned  explosion  temperature  curves®  Since  the  activation  energy 
of  a compcxrad  is  known  to  be  rented  to  the  case  of  electrical  initia- 
tion of  the  compound  (Ref  H)  and  to  its  stability  (Ref  D),  it  seemed 
advisable  to  oaloulate  this  value  for  standard  primary  compounds 
as  well  as  new  compounds  synthesized  in  this  program  (Ref  B)„ 

DISCUSS ION  OF  RESULTS: 

The  instrument  designed  for  precise  ignition  temperature 
and  time  for  ignition  measurements  consists  of  a small  electrically 
heated  plate  with  a centrally  located  iron-constantjn  thermocouple 
for  determining  its  temperature,  (Plate  l)  and  a photoelectric  optical 
system  for  determining  time  to  ignition..  Current  accurate  to  0.10 
amperes  is  used  to  heat  the  plate  and  the  temperature  of  the  plate 
is  determined  by  the  E M P output  of  ting  thermocouple  with  a Leeds  and 
Northrup  Potentiometer  (Model  5662).  Thus,  when  the  explosive  is 
dropped  on  the  plate  the  temperature  x’or  ignition  is  definitely  known® 
To  determine  the  time  for  ignition  at  a fixed  temperature  a beam  of 
light  (l/l6"  to  l/8"  diameter)  is  focussed  aoross  the  plate  to  a 
Photomultiplier  (Model  IP  21)  (Plates  1 and  2)«  When  one  milligram 
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Pl*te  th8  Ueht  b**  *•  tat.r«pt.d 
is  nmnf-?  s t0  produce  a positive  electrical  pulse  which 

me^the  tuLS  ln»  J™  !tarts  ^ E^trooio  Counter  Chronojaph. 

dt  2atas?  the  lisht  fr01a  th8  a**  again  causes 
the  phototube  to  oonduot,  generating  a negative  pulse  Thi- 

l™  Jhrottf*1  and  inverted^*  positive 

Sz  jr®  "^S5r  StOP  °ircu;lt  of  ^0  Poster  Chronograph.  Times 

ttTiSt  zzt  rAi~a^T* veeder  Root  ~ * * 

exniosivef?^8^  ta0iP9r&tur*  °'irrea  werG  obtained  on  three  primary 

(Fig  i).  Thf  fi^e  8^ondPr  ^talL00mpOUndS  With  this  ins  tristent. 

five-second  ignition  temperatures  for  th*s-  "announ^ 

&>ld  ^ -«*  ^e  molten  bath  method  (Ref  Cf ^ S?*W«r, 


Compound 

Mercury  Fulminate 
Basic  Lead  Stypihnate 
Lead  Azide  ( dextrinated ) 

Pota«5HuiR  TJinitrobanzKfuroxftn 
ffexawiiae  Chromic  Perchlorate 

100f°  Xgxj-i tion  did  not  occur  wiiii 


Molten  Metal 

Bath  Method,  New  Method, 

0*010  gm  grams 


2lO°C 

295 

5bo 

250 

350 

2 mg  sample  at  3 


209  (oOOlgm) 
293  (<.0025  ) 

* (e  002  ) 

2b5  (.001  ) 
3^6  (0O02  ) 

seconds 


data  *hich  ceTS  obtSled!*'  le^toT^  ^t .Pfecisi(3B  of 

£2L£n5*h  “d  th8  •’»»*>*>  disiX  Ps*1;”r'’ 
2?Sif *-  »"-»■  *«■*“*•  - »-«L«  iSf 1«. 
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Mercury  Fulminate,  .001  gm 


Temperature 

Induotion 

Standard 

Number 

Time, 

Deviation/ 

Tested 

°G 

Seoonda 

Seconds 

10 

203 

7-115 

0.290 

12 

210 

L.506 

0.017 

10 

215 

3-333 

O.U4.6 

10 

220 

2,1*08 

0.206 

10 

AA/ 

C,CXJ 

1.702 

0.267 

10 

233 

1.098 

0.080 

Dextrinated 

Lead  Aside.  .002 

ga 

10 

329.L 

.537 

O.059 

15 

335-0 

.807 

0.060 

10 

3U6.0 

1.05 

O.0I4.O 

12 

360.0 

1.528 

0.218 

* 

The  above  standard  deviations  are  typical  of  the  precision  of 

data  in  this  report.  Also, 

the  standard  deviation  is  equal  to 

better  than 

the  most  recent 

values  for  this 

type  of  determinati 

(Ref  E). 


6,  Arrshenins  was  among  the  first  -t^o  show  the  large  effect 
of  temperature  on  the  rates  of  chemioal  reactions  (Ref  D).  Several' 
worl  are  (Ref  D,  G#  E,  and  I)  studied  the  effeot  of  temperature  on 
the  times  to  ignition  or  induotion  periods  of  the  pre-ignition 
reactions  of  several  explosives.  Semenoff  (Ref  l)  expressed  the 
relationship  between  tie  induotion  period  and  ignition  temperature 
as  follows* 

E 

"fc*  ! B,  si' 


where 

E 

R 

B 

T 


induo  tier;  period  in  seconds 
activation  energy  K oal/mole 
gas  constant 
a constant 
temperature,  °K 


putting  the  equation  in  the  forms 


l0S  t 


log  B + 


1 

T 


i. 
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it  is  seen  that  a straight  line  is  obtained  when  log10  is  plotted 

1 E * 

against  y with  slope  equal  to  — log^Q  «•  The  activation  energy  is 

R 

therefore  given  by  the  product  of  the  slope  and  log-j^  e.  'The 

slopes  for  the  various  explosives  studied  in  -this  report  were  deter- 
mined by  the  method  of  least  squares  and  the  aotivation  energies 
oaloulated  therefrom. 

7 . The  activation  energies  of  Msroury  Fulminate*  Dextrlnated 
Lead  Aside  and  Basio  Lead  Styphn&te  were  calculated  frqm  data  dct ar= 
mined  to  plot  their  explosion  tomperature  curves  (Figs  1 and  2).  The 
values  obtained  by  the  new  method  and  reported  values  of  other 
workers  are  shown  below* 


Determined  Values 

Weight 

Activation 

Sample 

Energy 

Compounds 

ga 

K oal/nole 

B 

Mercury  Fulminate 

.001 

29.81 

- 13»85 

Basio  Lead  Styphnate 

o002 

75®  39 

- 28o20 

Lead  Aside 

.002 

23-7L 

- 8.1+3  1 

I 

Values  of  Previous  Workers 

Mercury  Fulminate  (Ref  B) 

.001 

33*L 

- 11+.38 

Lead  Azi,de  (Ref  D) 

oOO? 

23.L 

- 8.2 

1 The  Activation  Energies  of  Hexajuiae  Chromic  Perchlorate  and 

Potassium  Dinitrohec s efuroxan  were  also  obtained  (Figs 

1 and  2)o  ! 

The  results  are  shown  below? 

I 

Weight 

vriivaticn 

1 

i 

Sample 

Energy 

i 

i 

Compounds 

_ga_ 

K cal/mole 

1 j 

Potassium  Binitrebensgfuroxan 

.001 

82.38 

- 3Lo62  1 

Hexanseine  Chromio  Perchlorate 

.002 

29  c 82 

— 9a 88  j 

8,  It  is  to  be  noted  that  for  all  compound®  straight  line 
gr.ayjig  fire  obtained  when  the  logarithms  of  the  induction  periods 

plotted  agaiast  th®  reciprocals  of  th®  absolute  ignition  temper* 
•tare*  in  the  range  of  <>5  to  10*0  Seconds®  This  is  in  aocordanoe 
with  the  Semen  off  Equation  (Ref  j). 
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Inasmuch  as  the  above  graphs  all  Involve  induction  periods 
greater  than  0.5  second  it  seemed  of  interest  to  determine  whether 
an  extrapolation  of  the  straight  lines  to  shorter  time  interval* 
such  as  ha*  been  done  by  A.  R.  Ubbelohde  (Ref  D)  is  permissible* 

If  so,  the  validity  of  the  Ssmanoff  Equation  would  be  farther 
strengthened  and  predictions  about  high  ignition  temperatures  and 
short  induction  period*  would  be  justified.  A study  of  KDNBP  in 
the  range  of  7®57  to  0.0107  seconds  corresponding  te  2ij60C  aad 
351°C,  respectively,  revealed  however  a parabolic  shap*  of  the 
plot  (Fig  3).  Th*  relation  whioh  has  been  considered  before  as  a 
linear  proportionality  above  the  0*5  second  point  now  appears  to  be 
an  approximately  xiniw  s sgmont  of  a parabola.  Although  this  faot 
does  not  seriously  affeot  the  veins  of  the  activation  energy 
(previously  obtained  for  potassium  disitrobsneofuroxjwi  from  the  slope 
of  the  linear  plot),  it(  Bust  nevertheless  be  said  that  the  aotivation 
energy  so  calculated,  refers  to  simple  pre-ignition  reactions 
occurring  at  temperatures  characteristic  of  iiaes  greater  than  0,5 
second.  At  higher  temperatures  or  shorter  induction  periods,  it 
seems  that  we  are  no  longer  dealing  with  a simple  pre-ignition  reac- 
tion -riioBe  activation  energy  is  uniquely  determined  by  the  Semeacff 
Equation.  Rather,  we  may  have  a com pi or  series  of  reactions  and 
interactions  between  decomposition  product  molecules,  as  well,  whose 
overall  activation  energy  osn  net  be  obtained  by  such  a simple 
relation*  In  such  oases  an  extrapolation  of  a linear  plot  to  the 
short  induction  period  range  is  not  valid  and  one  an  at  have  a knowl- 
edge of  the  shape  of  the  entire  «.vrwo  before  prediction*  about  high 
ignition  tomparahires  end  low  induction  periods  can  be  Bade,  at  least 
in  tns  0*5*  »f  KDNBF. 

9.  It  is  intended  to  oarry  out  an  intensive  further  investiga- 
tion |nto  the  low  induction  period  region  for  KDNBF  and  the  other 
compounds,  as  well,  te  determine  whether  the  parabolic  shape  of  the 
curve  is, a general  phenomenon*  Apparatus  similar  to  that  employed 
in  the  work  above  but  modified  so  as  to  attain  induction  intervals! 
in  the  one-tenth  millisecond  region,  ha...,  in  fact,  been  constructed* 
It  is  anticipated  that  the  new  result*  .‘<111  soon  be  forthcoming. 

experimental  procedure 

'10*  The  operation  of  the  -^plosion  ignition  time  oonsists  of 
electronic  systems  which  control  the  temperature  ©f  the  ignition 
plate  sad  the  timing  mechanism* 

a*  The  temperature  of  the  ignitien  plate  is  set  by 
varying  the  ourraat  through  a No.  18  evanohm  wire.  A fine  and  coarse 
adjustment  of  the  latter  regulates  the  current  to  £ Qo-0  aiaper*  over 
a range  of  0 - 10  amperes.  After  the  system  has  com*  to  equilibrium* 
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the  temperature  of  the  plate  is  determined  "by  reading  idle  EMP 
cutout  of  the  B & 3 lo  JO  iron -constantln  thermocouple  on  the 
Leeds  and  Northrup  Potentiometer  (Model  8662). 

bs  The  timing  mechanism  involves  utilization  of  the 
photoelectric  effect#  As  shown  in  Plate  1 a beam  of  light  is 
paased  over  the  heating  plate  and  on  to  the  phototube#  Upon 
dropping  of  the  explosive  sample  on  the  heating  plate,  the  beam 
is  interrupted  and  an  electronic  oounter  chronograph  and  second 
counter  triggered#  The  latter  counts  until  the  instant  of  explo- 
sion when  a flash  again  aotuates  the  phototube  and  now  stops  the 
counters*  A direct  reading  of  the  induoticm  period  is  thus 
obtained.  It  is  essential  that  the  beam  of  light  be  of  small 
diameter  and  centered  over  and  as  close  to  the  plate  as  possible# 

A variable  lens  opening  in  (C)  controls  the  beam  width  and  a 
platform  on  which  the  light  source  (B)  is  mounted  provides  for 
horizontal  and  vertical  displacements  of  the  light  beam.  The 
phototube  sensitivity  to  changes  in  light  intensity  should  be 
at  an  optimum.  Plate  2,  B,  illustrates  the  appropriate  instrument 
control# 

11#  0?oe  it  is  established  that  the  timing  system  is  working 
efficiently  and  the  temperature  of  the  plate  is  constant,  the  time 
for  ignition  at  that  temperature  :uay  be  determined#  One  milligram 
of  sample  is  weighed  on  a Roller-Smith  Milligram  balance  and 
dropped  through  the  funnel  on  to  the  plate#  The  seoonds  are  read 
cm  the  Veedsj  Root  Counter  and  the  milliseconds  on  the  Electronic 
Counter  Chronograph  ( Model  IgGA } # The  funnel  is  then  removed  and 
the  plate  cleaned  with  an  electrically  driven  steel  wool  brush# 

The  temperature  is  allowed  to  come  to  equilibrium  again  and  the 
determination  repeated#  Usually  a five  minutes  waiting  period 
is  required  for  the  plats  to  come  to  equilibrium  with  the  surround- 
ings# .If  the  material  blackens  the  glass  slides  (Plate  1)  clean 
ones  must  be  inserted  so  that  the  path  of  light  beam  ■will  not  be 
obstructed# 

12#  After  10  to  20  ignition  times  have  been  determined  at  one 
temperature,  ths  temperature  is  raised  by  increasing  the  curr^it 
and  ten  or  more  ignition  times  are  determined#  The  average  of  the 
times  is  taken  as  the  time#  Usually  f cur  to  six  points  are 
necessary  to  plot  a curve# 
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